
Evaluation of the AoR Delineation Modeling Approach in 
Carbon TerraVault's Monterey Formation 26R Class VI Permit Application 

This area of review (AoR) delineation modeling evaluation report for the proposed Carbon TerraVault 

(CTV) Elk Hills 26R Class VI geologic sequestration project summarizes EPA's evaluation of the modeling 

performed by CTV as described in the Area of Review and Corrective Action Plan (AoR CA), which is 

Attachment B to CTV's November 5, 2021 permit application, and associated files submitted to the AoR 

and Corrective Action Module of the GSDT. This review also addresses modeling-relevant site 

characterization information in the permit application narrative and in the Post-Injection Site Care (PISC) 

and Site Closure Plan (Attachment E). Clarifying questions for CTV and requests for supplemental 

information are provided within the text below 

It is assumed that planned pre-operational testing will confirm the site characterization information. 

Please note that modifications to the model parameters may be needed if this testing yields results that 

are significantly different than the model inputs described in the initial permit application. 

Evaluation of the Geornodel 
Representation of Site Geologic Features 

To delineate the Class VI AoR, the geological layering, formation thicknesses, and petrophysical 

properties of the project site (as described in the permit application narrative and evaluated in the 

geologic site characterization report) need to be integrated into a geomodel and then into a numerical 

model domain that is consistent with site-specific geologic and operational information to generate 

predictions of plume and pressure front movement. 

The four CTV 26R project injection wells will inject CO2 into the Monterey Formation's 26R Sands in the 

Elk Hills Oil Field (EHOF) within the San Joaquin Valley of California. The injection zone is within the 31S 

anticline, a northwest-southeast trending anticlinal structure located in the EHOF. The injection zone 

consists of stacked turbidite sands within the Monterey Formation and is interbedded with siliceous 

shales and clays. The Monterey Formation 26R Sands pinch out on top of the 31S anticline and along 

strike (as seen in Figure 1 of the AoR CA). The confining unit above the Monterey Formation is the Reef 

Ridge Shale, which is a regionally extensive deep marine, clay-rich interval with an average gross 

thickness of about 1,000 ft and a low matrix permeability. It has acted as the primary sealing unit for all 

Monterey Formation oil and gas accumulations in the EHOF based on historical production well 

performance. 

CTV used geologic and hydrologic data derived from multiple sources for their geomodel and numerical 

modeling approach. These sources include well data, open-hole well logs and cores (the locations are 

shown in Figure 2 of the AoR CA), and reservoir performance information (including production and 

injection rates and volumes, reservoir, and well bore pressures). The representation of site geologic 

features, including lithologic properties, and geomechanical behavior appears to be appropriate and is 

reflected in the applicant's static geomodel and computational model. However, some information was 

omitted, including the injection zone fracture pressure derivation and stratigraphic discretization 

(requests for this information are provided in sections below). Additionally, Figure 1 of the AoR CA 

demonstrates normal faulting above the Reef Ridge Shale over the 31S anticline. Figure 9 of the permit 
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application narrative demonstrates reverse faulting below the Monterey Formation, penetrating the 

lowermost portion of the lower Monterey Formation. However, no observation-based examples (e.g., 

seismic reflections/terminations) or geologic reasoning supporting the absence of faults in the Monterey 

Formation 26R Sands and Reef Ridge Shale confining zone is provided. 

Questions/Requests for the App!famt: 

* Please shovv the location of CT\/'s proposed Closs VI injection wells in Figure 2 of the AoR CA 

Additionally, provide o legend defininq the various we!! icons in the figure, 

® Please provide observation-based examples (e.q., seismic reflections/terminations) and geologic 

reasoning that supports the absence offau!ts in the Monterey Formation 26R Sands and Reef 

Ridge Shafe confining zone. 

* Please provide o higher resolution version of Figure 1 of the AoR C4 1Nith clearer labels and text 

Representation of Hydrogeologic Properties and Lithology 

Porosity, perrneobility, ond rock types 

Figure 2 of the AoR CA shows well penetrations for which there is data from open hole triple-combo logs 

(resistivity, neutron porosity, bulk density) and core data. Model parameters including porosity, facies, 

and clay volume were derived from the open hole logs and upscaled into the geological model using 

Gaussian random function simulation (kriging). Mercury injection capillary pressure (M ICP) permeability 

data from core analysis was used to constrain the porosity-permeability function shown in Figure 4 of 

the AoR CA. Permeability is a function of porosity and clay volume. Figure 6 shows that the highest 

porosity and permeability values exist near the crest of the anticline, with decreased values on the limbs 

of the anticline. Additional discussion of porosity and permeability is included in pg. 15-18 of the permit 

application narrative. 

Questions/Requests for the Applicant: 

* Please edit Figure 6 to include !abets of the geologic formations. /1-dditiona!fy, please add 

additional ueo!ogic foyers to demonstrate the geologic structure relative to the porosity and 

perrneobility distribution. 

* The correlation corJficient in Figure 4 is i!fegibk AddiUorwf!y, it is unclear tvhot value (porosity 

or cloy volume) is represented on the X-oxis, Pfeose render the correfoUon coefficient so that his 

legible and clarify 1Nhat value is used on the .X-axis. 

® Please !abet the X and Y oxes on Figure 5. 

* Please edit Figure 6 to include !abets of the ueo!ogic formations. Additionally, please odd 

additional geologic layers to demonstrate the geologic structure relative to the porosity and 

permeabilitv distribution. 

Geornechonico/ properties 

The geomechanical properties of the Monterey Formation 26R reservoir and Reef Ridge Shale confining 

zone were derived from compressional sonic data from 11 wells and MICP measurements from Well 

355X-30R. Borehole breakout data from the EHOF and literature reviews also aided in characterizing 

fracture behavior. A corresponding geomechanical model was generated to assess the failure pressures 

for the reservoir and confining zone. CTV included relevant discussion concerning geomechanical 

modeling and properties in the permit application narrative; please also see the geologic site 

characterization report for discussion. 
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A summary of fracture pressure data for the Monterey Formation 26R reservoir is provided in Table 6 of 

the AoR CA, which is replicated below. The applicant states that injection pressure will be below 90% of 

the Monterey Formation 26R fracture gradient at the base of the Reef Ridge Shale in the AoR (6,826.6 ft 

TVD as seen in Table 7 of the AoR CA, replicated below). The planned maximum subsurface well bore 

injection pressure for the project is 4,900 psi. 

The elevation of the top of the perforated interval in Table 7 is inconsistent with the depths on a well 

diagram for Well 373-35R, which was provided in a confidential file that contains schematics for the 

wells in the AoR. Accounting for the elevation of the well relative to mean sea level (1,329 ft), the top of 

the perforated interval would equate to 6,813 ft TVD. A similar discrepancy exists in Table 5, which 

shows the top and bottom of the perforated intervals, which would equate to 6,813 to 7,618 TVD. 

Table 6 of the AoR CA: Summary of the fracture pressure data for the Monterey Formation 
26R reservoir at the 373-35R well. 

Interval Breakdown Fracture Gradient Fracture Pressure (PSI) at base of Reef 
PSI/foot Ridge Shale (6826.6 feet TVD) 

Monterey Formation 26R 1.03 7,031 

Table 7 of the AoR CA: Injection pressure details 

Injection Pressure Details Injection Well 1 
373-35R 

Depth corresponding to maximum 6,826.6 
injection pressure (ft TVD) 

Breakdown Fracture gradient (psi/ft) 1.03 

Calculated maximum injection 7,031 
pressure at the top of the perforated 
interval (psi) 

Maximum injection pressure (90% of 6,327.9 
fracture pressure) (psi) 

Elevation at the top of the perforated -5,484 
interval (ft MSL) 

Planned maximum injection pressure/ 4,900 I 0.71 
gradient ( top of perforations) 

Questions/Requests for the Applicant: 

@ What data from which tests were used to establish the fmcture pressure fisted in Tobie 6 of the 

AoR CA? Additionally, pf ease discuss how testing the pre-operational phase wi!f further 

establish the fracture pressure of the injection zone. ff Step Rate Testing (SRT) vvi!! be used to 

determine fructure pressurei please describe the testing procedure, including the fluid to be used 

and how it is representative of the CCh injectate, 

@ The elevations at the top of the perforated intervals (ft fv1SL) for Vi/elf 373--35R in Tables 

5 and 7 of the AoR C4 do not correspond with the perforated interval depths for this in/ection 
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we!! in the 373-35R tveff diagram. Please resolve this discrepancy and revise Tables 5 and 7. 

and/or the we!! diagrmn accordingly. 

* The planned injection pressure/gradient for Weff 3l3-35R ore fisted as 4,900 psi/ O. ll psf/ft in 

the fost raw of Tdble / of the AoR CA Please clarify ff these values are indeed a maximum, or ff 

they are o planned injection pressure/gradient. ff they ore not a maximum, please edit Table l to 

exclude the v;ord ltrrwximurr/' in 'Ph.mned maximum injection pressure/ gradient (top of 

peiforotions). il 

Objectives for Prn-Operntiona! Testing: 

* Confirm the fracture pressure of the injection and confining zones, i. c, by performing an SRT in 

each zone. 

Cieomode! ··· 31) mode! grid resolution oncf discretization 

The Petrel static geomodel was used as the framework for the GEM numerical model. The geo-cellular 

grid is uniformly spaced throughout a 3.7 square mile area with a cell size of 190 ft x 150 ft. The model 

grid is oriented at 18 degrees, which corresponds to both the structural trend of the anticline and the 

depositional environment. The model boundaries were selected based on plume extent and the edges 

of the Monterey Formation 26R reservoir. CTV submitted an example image of the geo-cellular grid to 

the GSDT in a file titled 26R-Grid--lmage.jpg. The image demonstrates uniform geo-cellular spacing, a 

northwest-southeast orientation, and a consistent structural trend, deepening towards the southwest. 

The reservoir was separated into twelve zones and 27 layers and an average grid cell height of 117 ft 

(Figure 3 in AoR CA). Grid resolution was idealized based on simulation run-time and retaining reservoir 

heterogeneity. The grid files are claimed as confidential business information (CBI) and were not 

submitted to the GSDT (but were provided to EPA by a separate means). 

Questions/Reqw?sts for the App!in:mt: 

* Please discuss hov,i the iateral dimensions and vertical thickness of the Petrei static geomodel 

were chosen, and the significance of such values (i.e., 10 miles x 10 n1fles lateraffy, 3,000 ft thick}. 

* Please discuss how the total grid dimensions laterally and verticaffy (i.e., 190 x 150 cells laterally, 

2 / !ayers verticaffy) were chosen. 

* Please discuss the vertical layers (stratigraphy) that were included in the mode! ond why ceff size 

height may vory between vertical !ayers. 

* Please discuss why the Monterey Formation 26R Sands were modeled os twelve separate zones, 

when according to the geologic narrative, ft comprises a single injection zone. 

* Please show the extent of the AoR ond the location of CTV's proposed Closs Vi injection wefts on 

off mops (e.g., Figure 2) of the AoR CA. 

* Please label the vertical layers shown in Figure 3 of the /1-oR CA, especially the injection and 

confining foyers. AddiUonoffL please shov; the location of CTV1s proposed Class Vi injection we!fs 

on the inset base nwp and cross-secUorw! views. 

Fault stabi/itv 

Faults were not incorporated into the geomodel due to the lack of evidence of faults that transect the 

Monterey or Reef Ridge Shale Formations in the AoR. However, given the syndepositional structural 

behavior during the deposition of the Monterey Formation 26R Sands as noted in the permit application 
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narrative, discussion and observation-based examples supporting the exclusion of faults in the 

geomodel are needed; these are requested under "Representation of Site Geologic Features," above. 

CTV included relevant discussion concerning fault stability in the permit application narrative; please 

also see the "Representation of Site Geologic Features" section above and the geologic site 

characterization evaluation report for discussion. 

Evaluation of the Cornputational Model Design 
The applicant's discussion of computational model design includes but is not limited to: subsurface 

phase properties and behavior, CO2 plume size and extent, boundary and initial conditions, timeframe 

and time steps, operational information, model calibration and sensitivity analysis, and injection zone 

storage capacity. EPA considers the applicant's discussion of the computational model design and 

associated components to be appropriate and relatively complete, however there are several 

outstanding questions that need to be addressed in order to consider the material in this section 

sufficient, as described in the sub-headings, below. 

Routines for Relevant Subsurface Processes 

The applicant used Computer Modeling Group's (CMG) Equation of State GEM Compositional Simulator 

to perform the AoR delineation. GEM is capable of modeling three components (gas, oil and aqueous), 

multi-phase fluids and predict phase equilibrium compositions, densities, and viscosities of each phase. 

The applicant states that CMG incorporates all relevant physics-based approaches to relate relative 

permeability to interfacial tension (IFT), velocity, composition, and hysteresis. CTV also referenced 

multiple peer reviewed papers in which CMG's GEM software has been applied to CO2 sequestration. 

The Peng-Robinson Equation of State is used for the computational modeling of the CO2 plume, and 

establishes the interaction or solubility of CO2 and residual oil in the reservoir. The solubility of CO2 in 

water is modeled by Henry's Law as a function of pressure, temperature, and salinity. 

The permit application states that predicting the evolution of the CO2 plume involved: integrating 

reservoir characteristics and wells found in the static Petrel 3D geomodel; inputting injection pressure 

and rates in the GEM computational modeler; and assessing CO2 plume movement throughout the 

injection and post-injection intervals until the plume reached pressure and compositional equilibrium. 

Spatial Extent 

The AoR was determined by the largest extent of the CO2 plume from computational modeling results. 

In the AoR scenario, CO2 was injected into the reservoir until the reservoir reached the initial discovery 

pressure of 3,250 psi. The application asserts that this process ensures that there is no increased 

pressure front beyond the original reservoir limits. 

Questions/Requests for the Applicant: 

@ Please explain the speciffc method used to define the AoR boundaries (i.c, percent CO, 

saturation ora method{ 

Boundary Conditions 

No-flow boundary conditions were established for the Monterey Formation 26R reservoir in the 

computational modeling. The overlying confining unit, the Reef Ridge Shale, is continuous throughout 

the area, has a low permeability (less than 0.01 mD), and has confined oil and gas operations (that 
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include injection) since discovery of the field. Well performance data from the Monterey Formation 26R 

oil and gas reservoir, shown in Figure 8 of the AoR CA, is asserted to demonstrate that there is no 

connection to an aquifer. Historical production shows minimal water production, supporting the lack of 

aquifer connectivity. Gas injection and subsequent gas blow-down supports lateral and vertical 

confinement by demonstrating that gas did not migrate out of the reservoir. Finally, reservoir pressure is 

approximately 150-300 psi and has not shown an increase due to aquifer influx. 

Questions/Requests for the Applicant: 

* Please provide historical pressure data for the Monterey Formation 26F? reservoir demonstrating 

pressure isolation 

Time Steps and Model Timeframe 

The computational modeling results for CO2 plume development at 4 different time-steps are shown in 

plan view (Figure 9) and cross-sectional view (Figure 10) of the AoR CA. The time-steps are Year 5 of 

injection, Year 10 of injection, Year 25 post injection, and year 100 post injection. The model simulation 

appears to have occurred over a 126-year timeframe (i.e., the 26-year injection phase plus 100 years 

post-injection), but this is not clear. For all layers within the model and at all time-steps, the CO2 plume 

remains within the 3.7 square mile AoR. Within the first 15 years of injection, the CO2 plume is largely 

defined. After 15 years, the CO2 concentration within the plume increases until the 25 years post 

injection time-step. The CO2 concentration is largely unchanged between the 25-year and 100-year post 

injection time-steps. 

The application describes that CO2 injected into the Monterey Formation 26R reservoir will be soluble in 

both water and oil. Due to the low remaining oil and water saturations in the reservoir, the injected CO2 

that will be dissolved in oil and water is predicted to be 20% and 8%, respectively. The remaining 72% of 

the injectate will be stored in the reservoir as supercritical CO2. Figure 11 of the AoR CA demonstrates 

the cumulative storage for each of these mechanisms (oil, water, supercritical CO2). 

Questir.ms/Requests far the App!ia:mt: 

* Please add a discussion regarding the time at which the CO2 plume and pressure front are 

expected to reach their maximum vertical and lateral extent Additfonaify, please discuss the 

boundaries at vvhich this extent is defined. 

@ Please udd the injection vvef!s to Figures 9 und }01 and fuhe! the vertical foyers on Figure .HJ 

* Please c!adfy the totaf simufuUon period (i.e., vvhether it is .100 years total or the injection period 

plus .1.00 years}, 

Initial Conditions and Operational Information 

Initial model conditions at the beginning of CO2 injection have been established and verified over time 

during oil and gas production from the Monterey Formation 26R reservoir. Initial conditions for the 

model are given in Table 4 and operational information is presented in Table 5, which are replicated 

below. 

Table 4. Initial conditions. 
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Parameter Value or Range Units Corresponding Data Source 
Elevation (ft MSL) 

Temperature 210 Fahrenheit 5,630 Fluid Analysis 

Fonnation pressure 150-300 Pounds per square inch 5,630 Pressure Test 

Fluid density 61 Pounds per cubic foot 5,630 Water analysis 

Salinity 25,000 Paiis per million Water analysis 

Table 5. Operating details. 

Operating Information In,jection Well 1 
373-35R 

Location (global coordinates) 
X 35° 16'34.5276"N 
y 119°28'24.1836"W 

Model coordinates (ft) 
X 6121906 
y 2290081 

No. of perforated intervals 13 

Perforated interval (ft MSL) 
Ztop -5,484 
Z bottom -6,289 

Wellbore diameter (in.) 7 

Planned injection period 
Start 2044 
End 2070 

Injection duration (years) 26 

Injection rate (t/day)* 993 

*If planned injection rates change year to year, add rows to reflect this difference, and include an average injection 
rate per year ( or interval if applicable). 

Questions/Requests for the App!icrmt: 

® Please add the reference elevation to Table 4. 

@ The beginning and end dates of injection in Table 5 (i.e., years 2044 and 2070) and the beginning 

date on Figure 11 (i.e., 2044} do not correspond to the proposed beginning of infection (year 

2025) stated in the permit application ncirrotive. Please c!C!rify this difference ond update Table 

5, Figure 11, and/or the permit app!fcation ncirmtive cis needed 

Relative permeability and capillary pressure curves 

Gas, oil, and water are all present in the Monterey Formation 26R Reservoir. Contact depths have been 

derived from open-hole logs, production analysis, and history matching, and saturations have been 

assumed; however, the AoR CA does not provide the basis for the assumptions. With all three phases 

present in the reservoir, three-phase relative permeability relationships were used in the computational 

model to characterize the flow of each phase. To determine three-phase relative permeability, two sets 
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of two-phase relative permeability data are needed: water-oil and gas-oil relative permeability. The two

phase relative permeability relationships allow the determination of Krw, Krow, Krg, and Krog as a 

function of water or liquid saturation. Core flood and MICP data were used to determine the two-phase 

relative permeability relationships. Figure 7 of the AoR CA presents the relative permeability curves used 

in the computational modeling. 

Questions/Requests for the App!famt: 

@ Please explain the method determining the saturation values for gos, oii, and water. 

® Please include definitions for Krtvj and Krog in Attachment R 

@ Please explain how the relative perrneabi!itv relationships vury vvid, rock type, and hovv these 

Potential Pathways for Fluid Movement 

Foufts 

CTV included relevant discussion concerning fault stability in the permit application narrative. Please 

also see the "Representation of Site Geologic Features" and "Fault Stability" sections above, and the 

geologic site characterization report for discussion. 

\11/e!/s Ir! the AoR 

The AoR CA states that 204 wells in the AoR penetrate the Reef Ridge Shale confining zone and 

Monterey Formation 26R reservoir. These wells are tabulated in Table 8 of the AoR CA, and presented in 

a map in Figure 13. Appendix 1 to the AoR CA provides information about the 204 wells in the AoR, 

including well name, API number, type, status, spud date, and locational information (e.g., 

latitude/longitude and surface coordinates). However, no depth or completion formation is provided, so 

it is unclear how many of the wells penetrate the entire Reef Ridge Shale, and if they are accounted for 

in the computational model. Additional discussion regarding wells in the AoR is presented under 

"Corrective Action on Wells in the AoR," below. 

Calculation of critical pressure 
CTV submitted critical pressure information to the GSDT in a file titled "Critical-Pressure

Calculation.PDF." However, they did not conduct a critical pressure calculation due to the absence of a 

USDW within the modeled AoR. (The applicant asserts that the Upper Tulare Formation is an 

unsaturated zone, and the lower Tulare Formation is an exempt aquifer.) The permit application asserts 

that the final pressure of the Monterey Formation 26R reservoir will be at or below the initial reservoir 

pressure of 3,250 psi, ensuring that post-injection conditions replicate those of initial conditions to the 

extent possible. Therefore, the AoR is based on the extent of the modeled CO2 plume. 
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Questions/Requests for the Applicant: 

* Do any of the 204 wells in the AoR penetrate the entire Reef Ridge Shafe? !f soj please explain 

how they ore accounted for fn the geomodd 

Objectives for Pre-Opemtional Testing: 

* It based on additional information, the Upper Tulare is determined to be a USDVV within the AoR 

of the 26R project, please provide documentation of the critical pressure cofcufotion, 

Representation of Fluid Properties 

Because a baseline injectate analysis has not yet been performed, limited information about the CO2 

stream is available and relevant CO2 injectate fluid properties for the numerical modeling are not 

included in the AoR CA. The applicant did not submit an operating plan for the proposed wells with this 

information. Additionally, the applicant did not include reactive transport modeling as part of the overall 

modeling effort. It appears this might be due to the dominant quartz/feldspar mineralogic framework of 

the reservoir, as noted in the permit application narrative. However, an explanation regarding the lack 

of reactive transport modeling is needed. 

Questions/Requests far the Applicant: 

* Please update the AoR CJ\ to include fluid properties for the CO., infectote used in the 

computational modeling, induding but not limited to hs viscosity, densiiy, salinity, and fluid 

compressihi!iiy 

@ Please explain v,A,y reuctive transport rnodefing \VC!S not performed or induded in the 

cornpututiona! rnodel, 

Objectives for Pre-Operational Testing: 

® Confirm that the properties of the CO2 strewn based on pre~operatiorw! injectute sampling are 

consistent vvhh the model inputs, 

Model Calibration and Sensitivity /\nalyses 
CTV used information derived from extensive past injection operations to inform a sensitivity analysis. 

The CO2 plume model results were compared with the area of the reservoir that has been depleted by 

oil and gas operations. 

As a computational model sensitivity, CTV states (on pg. 13) that it ran the simulation model for 

different initial reservoir pressure and saturation cases to determine the sensitivity of the storage 

volume and plume extent to these variables. However, the sensitivity cases and their associated data 

were not provided. 

To verify the modeled predictions, monitoring wells will be used for CO2 plume and pressure front 

tracking, via fluid sampling and pressure and temperature monitoring. Reservoir pressures based on 

monitoring data and injection volumes will be integrated in order to complete material balance 

equations to verify pore volumes and AoR edges. Additionally, the CO2 plume and water contact will be 

calculated from the monitoring well pressure, CO2 saturation, and column height. If the reservoir 

pressure associated with injected volumes does not follow the anticipated trend from computational 

modeling, CTV states that it will reevaluate the AoR. 
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Questions/Requests for the Applicant: 

* Please provide a narrative discussion and associated data (i.c, inputsj maps, pressures, etcffor 

the sensitivity cases that were performed as part of the mode! sensitivity analysis for stomge 

volume ond plume extent described on pg. 13,: please also provide the results. 

* Wos a sensitivity analysis conducted on grid geometry ond petrophysicof properties 

(permeability, porosity, etc.)? 

{f so, please discuss the sensitivity analysis and its results. 

{f not please pe1form u sensitivity urwlysis., 

Injection Zone Storage Capacity 
As stated in the permit application narrative, the storage capacity of the injection zone based on 

computational modeling results is a maximum of 38 million tonnes of CO2. Table 5 of the AoR CA lists a 

daily injection rate of 993 tonnes per day, equating to 362,445 tonnes annually per well, or 1.45 million 

tonnes annually for all four wells. Over an operating period of 26 years, this sums to a total injectate 

volume of 37.7 million tonnes of CO2. This is within the maximum injection zone storage capacity of 38 

million tonnes, assuming that all of the wells will inject at similar rates and will be operated 

continuously/365 days per year. The injection zone does have the potential to store an increased 

volume of CO2 at higher pressures while the CO2 remains within the defined AoR. 

Questions/Requests for the App!icrmt: 

* The modeled injection zone storage capacity is not explicitly stated in the AoR CA Please confirm 
if the volume of 38 mif!ion tonnes cited in the narrative is correct ff it is not correct., please 

provide the correct volume. 

* Please confirm that each we!! wiff inject ot similar rates to We!! 3l3-35R, as fisted on Tobie 5. ff 

not, please clarify the total volume to be injected by aiffour wells. 

Presentation of Model Results 
Map and cross-sectional views of the simulated plume and pressure front were provided in the AoR CA. 

The maps show the position of the plume and pressure front after 5 years and 10 years of injection, and 

25 years and 100 years post-injection. Figures 9 and 10 show the applicant's proposed AoR as delineated 

by the simulated CO2 plume. 

The differences in the predicted position of the plume and pressure front between the injection and 

post-injection time-steps were significant, suggesting that the plume continues to develop after 10 years 

of injection but before 25 years post injection; the position of the plume and pressure front in the latter 

part of the injection phase (i.e., years 11-26 of injection) is not presented. CTV should provide plan and 

cross-sectional views of the plume at the time step for which the plume is expected to no longer be 

migrating. A discussion should accompany the added plan and cross-sectional figures to address plume 

migration and eventual plume stability. Updated modeling will be necessary when pre-operational site 

data becomes available. 
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Questions/Requests for the Applicant: 

* Please update Figures 9 and 10 of the AoR CA tvith additional time steps including, at a 

minimum: 

time steps from the !otter half of the injection phase (including year 26}; 

the tirne step that represents the rrwxirnwn extent of the CO2 p!urne cmd pressure front; 

the tirne step that represents the point at which the CO2 plume reaches stahi!ity/obsence 
of continued migration; and 

,-. several tirne steps during the early fJOst--lnjectlon fJhase (e.g.,. lj 3,. 7j 101 and 15 years 

ofter cessation of injection). 

* Please provide o narrative discussion to describe the plume evolution before., during, and after 

the point at which the CO2 plume reaches stobi!ity/absence of continued migration. 

Corrective Action on Wells in the AoH 
The AoR CA says that documentation of the 204 wells in the AoR that penetrate the Reef Ridge Shale 

confining zone is provided in Appendix 1, which is an Excel file (AoR-Well--list) containing the name, 

surface location, and status of 204 wells, but it does not contain information on drill date, type, and 

depth to Reef Ridge Shale confining zone that is required at 40 CFR 146.84 (c)(2). This information is 

summarized on Table 8 of the AoR CA, which indicates that 36 of the 204 wells are plugged (which 

corresponds to information in the Excel file). Figure 13 of the AoR CA shows a map view of the 204 wells 

that penetrate the Reef Ridge Shale confining layer and Monterey 26R Formation. The applicant states 

that these wells were reviewed for corrective action. 

The applicant says that the determination that all 204 wells in the AoR penetrate the confining zone was 

made by reviewing open hole logs and deviation surveys of each well. The AoR CA plan says that well 

condition, mechanical integrity, and data completeness is routinely reviewed with CalGEM. The wells 

located within the AoR were last reviewed in Q4 of 2021. 

Table 9 of the AoR CA indicates that 168 wells will be abandoned prior to injection: one will be 

repurposed as a CO2 injector, three wells will be repurposed as monitoring wells; and the remaining 164 

wells require standard plugging procedures as part of asset retirement obligations (these procedures are 

not described, however). It is unclear based on the text or table which wells these are and if they are the 

only wells that penetrate entirely through the Reef Ridge Shale, however. 

The AoR CA also states (pg. 17) that all well bores within the AoR will, if necessary, be pressure tested, 

abandoned, re- abandoned, monitored, or have a technical demonstration showing adequate zonal 

confinement prior to the commencement of CO2 injection or based on an agreed upon phased schedule 

post CO2 injection if conditions allow. The plan also asserts that there is no USDW present in the AoR; 

this statement needs to be confirmed (see EPA's geologic evaluation). 

Questir.ms/Requests far the App!ia:mt: 

* Please clarify the statement on pg. 16 thot obondonment wfff be considered at the weffbore 

(sidetrack) !eve/, Does this refer to ony of the .168 tNeffs to be obandoned on Table 9? 

® Please cforzfy the statement on pg .. 1.6 that '\vhh v;ef! obr.mdorm,ent and monitoring., the CO2 

injected vvi!! be confined to the fv1onterey Formation 26R reservoir.;; Speczfica!fv., is rnonitoring 
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(rather than plugging) being considered as an approach to ensure isolation for any we!is other 

them those to be repurposed as monitoring we!fs? 

* Please ciarify the statement on pg. 17 that a!! wefibores within the AoR will, ff necessary, be 

tested or have a technical denmnstrotion showing adequate zonal confinement prior to the 

commencernent of CO2 injection Does this rnean that CTV plans to perform additional evaluation 

of uny or of! of the 204 vvef!s? 

@ P!euse odd a description of euch weWs type, construction, dcite driffed, location, depth, cind 

record of plugging and/or completion to Appendix 1., as required ut 40 CFR 1.46.84 (c)(2). 

* Please provide the pfugginu and abandonment (P&A) procedure for the .164 v;ef!s described on 

pg. } 7 of the AoR CA to demonstrute that plugging wi!f ensure isolation of the i\/lonterey 26R 

Formution. 

@ Please cfurzfy the distinction of the }64 wells to be plugged. Speczfico!fv ure these vve!fs drJicient 

in any manner; are they the only wells that penetrate the entire thickness of the Reef Ridge 

Shafe; or are they just slated to be plqmed as part of field operations? 

AoR Reevaluation Schedule 
CTV described the procedures and timing for AoR reevaluations to be performed during the injection 

and post-injection phases, and the information that will be considered in the reevaluations. At this point 

in the permit application review, the five-year default reevaluation schedule in the Class VI Rule appears 

to be appropriate. 

Questh::ms/Requests far the App!ia:mt: 

* EPA requests the following revisions to the AoR reeva!ucition procedures to provide o more 

robust revievv: 

Include a revievv of the full suite of water quality data cof!ected from monitoring wells in 

uddition to CO2 conteni/saturotion (to evaluate the potential for unanticipated reactions 

between the injected fluid and the rock formation). Also, review and provide any 

geologic data acquired since the fast modeling effort, including any additional site 

characterization perfonned for future injection we!!s. 

Clarify that the reevaluation modeling results wiff be compared with the most recent 

modefing (i.e., from the most recent /1-oR reevaluation). 

Specify that zf the results of the modeling compurison are consistent~ a report describing 

this determination wi!f be provided. 

~; Describe the speciffc actions that wiff be taken if there are discrepancies between 

monitorinq data and prior modeling results (e.g., remodel the AoR, update a!! project 

pfansj perform additional corrective action if needed, and submit the results to EPA), 

Triggers for /\oF{ f{eevaluations Prior to the ~~ext Scheduled n.eevaluation 
On page 17, the AoR CA says that an unscheduled reevaluation of the AoR will take place if any of the 

following scenarios occur: 

1) There are changes in operations such as an increase in injection rates, or injection pressure. 

2) Differences are observed between the computational model for CO2 plume development and 

observed CO2 plume development, including unexpected changes in fluid content or pressure 
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outside of the Monterey Formation 26R reservoir that are not related to well integrity, or 

reservoir pressure that does not behave as predicted with increased injection volumes. 

3) Seismic events occur that indicate the presence of faults near/intersecting the confining zone; 

events that are larger than a 3.5 magnitude and that could be associated with CO2 injection. 

CTV will discuss any such event with the UIC Program Director to determine if an AoR reevaluation is 

necessary. If an unscheduled reevaluation is triggered, the AoR reevaluation procedures described in the 

AoR CA plan will be initiated. 

Questions/Requests for the Applicant: 

@ Please describe the specific injection rate and injection pressure increase CTV referenced that 

would necessitate an /1-oR reevaluation, and how such an increase would not involve an 

exceedance of perrnit limits. 

@ Please clarify the degree of change in reservoir pressure (e,g,, outside three standard deviations 

from the overuge) that would necessitate an AoR reeva!uoUon. 

@ Please cfurzfy the Urning for conducting an AoR reevuluotion (i.e., vvithin 6 months) if any of the 

triugering events occur. 

@ Please c!adfy the area over which seisrnic events greater than fVi3.5 (e,g,i consistent \Vhh the 

Ernergency and Remedial Response Pion} vvoufd trigger an AoR reevaluation, 

@ Please udd the fof!ovdng events to the triggers for on AoR reevofuaUon: 

,- Exceeding 90% of the geologic formation fracture pressure in any injection or monitoring 

,- Detection of changes in shallow groundwater chemistry (cg,, a siqnificant increase in 

the concentration of any analytical parameter that was not anticipated by the AoR 

delineation mode!fng}, 

c initiation of competing injection projects within the same injection formation within o 1-

mile radius of the injection vvef! (including when udditional CT\/ injection iNefls con1e 

on line); 

A significant change in injection operations, as measured by wef!head monitorinq; 

Significant !and-use changes that tvou!d impact site access; and 

Any other activity prompting a mode! recalibration, 

Post--lnjcction Site Care Plan 
Certain elements of the applicant's Post-Injection Site Care (PISC) and Site Closure Plan (Attachment E) 

are based on the modeling effort and the results and are evaluated below. See also the Testing and 

Monitoring report for an evaluation of CTV's post-injection monitoring plan. 

As required in 40 CFR 146.93(a)(2)(i) and (ii), the applicant presented the pre- and post-injection 

pressure differentials and associated maps in the AoR CA. Figure 3 of Attachment E shows the predicted 

maximum extent of the CO2 plume and pressure front at 50 years after the end of injection. 

Figures 4 and 5 of Attachment E show the monitoring wells and the predicted extent of the CO2 plume in 

plan view and cross-sectional view, respectively. 

Questions/Requests for the Applicant: 

Page 13 

ED_013214A_00000271-00013 



® Figure 1 in Attachment E shotvs the reservoir pressure stabilizing at the some time as injection 

cessation, Please clarify if reservoir pressure wii! stabilize at this point, or if pressure wiff stabiiize 

o year ofter injection cessation as noted in Attachment E, ''Pre-- and Post--!njection Pressure 

Differential [40 CFR 146.93(a}(2)(i)J.li 

Post-Injection Site Care Time Frame 

The applicant proposed a SO-year post injection site care time frame and will not cease post-injection 

monitoring until a demonstration of non-endangerment of USDWs has been approved by the UIC 

Program Director pursuant to 40 CFR 146.93(b)(3). The applicant is not proposing an alternative post

injection site care timeframe, so no evaluation relative to the criteria at 40 CFR 146.93(c) is needed. 

f\Jon--Endangerrnent Demonstration Criteria 
CTV did not identify the contents of or criteria by which it would support a non-endangerment 

demonstration at the end of the post-injection site care phase for the 26R project. EPA recommends 

that CTV propose and include in the PISC and Site Closure Plan a set of criteria that are as specific as 

possible and can be supported by the data CTV will collect during injection and post-injection testing and 

monitoring. Incorporating this into the PISC and Site Closure Plan will help reduce future uncertainty and 

help ensure that CTV will collect the types and amounts of data that are needed to inform a 

demonstration that authorizing site closure is appropriate. EPA recommends that the non

endangerment demonstration criteria address the evaluation of available groundwater and plume 

monitoring data; comparison of monitoring data to model predictions; evaluation of the CO2 plume and 

reservoir pressure; and an evaluation of any unanticipated events that occurred during the project. See, 

e.g., Section 3.4 of EPA's "UIC Program Class VI Well Plugging, Post-Injection Site Care, and Site Closure 

Guidance." 

Some specific recommeruiatiom to support the preparation of a section of the P!SC rmd Site Closure 
Plan refuted to non-endangerment demonstration aitedu are provided below: 

@ The criteria should specify that the some delineoUon rnodef tho/: supported the iniUol AoR 

delineation wifl be used in AoR reevaluations and to moke the norH-:ndangerment 

demonstration This vAfl facilitate verification ond/or model cofibrotion using actual monitoring 

and operational dotcL 

@ The criteria should discuss the predicted behavior of the CO2 plume and pressure front, 

supported by maps and graphs (e,g. 1 of pressure profiies or the extent of the plume and pressure 

front) in the context of the data that wii! be collected to demonstrate that the plume and 

pressure front are behaving as predicted ot various points in time. 

® The data that tvi!! support the non--endangerment demonstration should be consistent with the 

fined injection and post-injection phase testing and monitoring strategies fn Attachments C and E. 

They shoufd also be specific as to the types/locations of data that wi!f be gathered and compared 

ogainst the rnodef prediction to focilitote mode! vafidation (e,g, 1 the forrnations for ,vhich 

groundv,mter quolity data iNilf be cof!ected and pressure monitoring !ocaUons). 

@ The criteria should incfude on evaluation of noturaf and artificial potential conduits for fluid 

rnovernent 

@ The non-endanuerrnent criteria shoufd indude evafuotions of mobilized fluids and pussive seismic 

data, 
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® The norH::ndanqerment criteria should include a summary of any emerqencies or other 

unanticipated events that may occur the injection and post--injection phases, This may be 

presented in a table that show-s (1) examples of unanticipated events that might occur, and (2} 

the of dcita that be used to demonstmte that any associated issues hcive been 

resolved such thcit they wf!f no USDWs. 

Page 15 

ED_013214A_00000271-00015 


